to/554160 

Attorney Docket No. 2003P02 1 66WOUS 

JC09Rec'dPCT/PrO 21 OCTZOMi 

SYSTEM AND METHOD FOR INFLUENCING THE INDUCTION GAS 
TEMPERATURE IN THE COMBUSTION CHAMBER OF AN INTERNAL 

COMBUSTION ENGINE 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application is the US National Stage of International Application No. 
PCT/EP2004/002670, filed March 15, 2004 and claims the benefit thereof. The 
International Application claims the benefits of German Patent applications No. 
10319330.8 DE filed April 29, 2003, all of the applications are incorporated by reference 
herein in their entirety. 

FIELD OF THE INVENTION 
[0002] The invention relates to a system for influencing the induction gas temperature 
and thereby the energy level in the combustion chamber of an intemal combustion engine, 
especially of an HCCI-enabled intemal combustion engine v^ith a compression device for 
compressing induced fresh air, which before compression has a temperature Ti, as well as 
expansion means which cause the compressed induced fresh air to expand, with the 
compressed and subsequently expanded fresh air having a temperature T2 > Ti. 

[0003] The invention further relates to a method for influencing the induction gas 
temperature and thereby the energy level in the combustion chamber of an intemal 
combustion engine, especially of a HCCI-enabled intemal combustion engine, in which 
induced fresh air, which before the compression has a temperature Ti, is compressed, and 
the compressed, induced fresh air is expanded, where the compressed and subsequently 
expanded fresh air has a temperature T2 > Ti. 

BACKGROUND OF THE INVENTION 
[0004] Different operating conditions are known in conjunction with direct petrol 
injection systems. The common factor is that fiiel is injected under high pressure directly 
into a combustion chamber. The mixture is then formed within the combustion chamber. 
Conventionally a distinction is made between the homogeneous and lean operating modes. 
In homogenous operation a mixture is present which is distributed homogeneously over the 
entire combustion chamber. In stratified or lean injection operation there is only a mixture 
with a excess air in factor the area of the spark plug A < 1 . The remaining volume of the 
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combustion chamber is filled with induced fresh air, an inert gas from the exhaust gas 
recirculation or a very lean ftiel-air mixture, so that overall an excess air factor of < 1 is 
produced. 

[0005] In addition to these conventional operating modes, a further operating mode is 
increasingly being seen as promising, which is similar to the operation of the self-ignition 
diesel engine. This is known as HCCI (Homogeneous Charge Compression Ignition) 
operation and represents an auto-ignition combustion process, in which the time of ignition 
and thereby the sequence of combustion is controlled via the reactive quantity of energy in 
the cylinder. To provide a sufficient energy level use is usually made of exhaust gas 
recirculation via external setting means within the framework of exhaust gas recirculation 
or by a suitable gas exchange valve control within the framework of an internal exhaust 
gas recirculation. 

[0006] For setting of the temperature level and thereby the energy level in the 
combustion chamber via the exhaust gas recirculation rate however it is necessary to take 
into account that this can only take place within specific limits. Since the exhaust gas 
recirculation rate influences not only the temperature level in the combustion chamber but 
also the mixture ratio of air, friel and exhaust gas, it is under some circumstances not 
possible to select an exhaust gas recirculation rate which is optimum both with regard to 
the temperature in the combustion chamber and with regard to the said air-fiiel mixture 
ratio. Thus compromises can be necessary when setting the exhaust gas recirculation rate 
to ensure reliable operation of the internal combustion engine. 

[0007] In the context of conventionally ignited intemal combustion engines it has 
already been proposed that a cooled exhaust gas recirculation be used, whereby this 
cooling of the exhaust gas is aimed especially at reducmg the nitric oxide emissions. In this 
context reference is made for example to the German periodical MTZ Motortechnische 
Zeitschrift 60 (1999) 7/8, page 470 fif.:"Einhaltung zukunftiger Emissionsvorschriften 
durch gekuhlte Abgasriickfuhrung" (complying with fiiture emission regulations using 
cooled exhaust gas recirculation) by Karl-Heinrich Losing and Rainer Lutz. 

SUMMARY OF THE INVENTION 
[0008] The object of the invention is to overcome the disadvantages of the prior art 
and especially to provide a system and a method through which setting the temperature in 
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the combustion chamber of the internal combustion engine can be decoupled at least partly 
from the setting of the optimum mixture ratio of air, fuel and exhaust gas. 

[0009] This object is achieved with the features of the independent claims. 

[00010] Advantageous embodiments of the invention are specified in the dependent 
claims. 

[00011] The invention builds on the generic system in that the temperature increase of 
the fresh air from Ti to T2 is explicitly used to influence the temperature level and thereby 
the energy level in the combustion chamber. In this way very fine variations and settings of 
the energy level in the combustion chamber can be achieved by increasing the temperature 
or by regulating the air/fuel temperature. In this way the combustion process in the HCCI 
mode can be precisely controlled. The temperature level in the combustion chamber can in 
this case be influenced via the level of compression and the subsequent expansion. 

[00012] The inventive system is developed in a particularly useful way in that an 
exhaust gas recirculation device to feed in exhaust gas from a previous combustion cycle to 
fresh air or to a mixture featuring fresh air is provided so as to supply, after the injection of 
fuel, an air/fuel/exhaust gas mixture with an energy level advantageous for combustion. As 
well as influencing the temperature level through compression and expansion the exhaust 
gas recirculation and in this case especially the exhaust gas recirculation rate can also be 
explicitly used to adjust the energy level in the combustion chamber. 

[00013] The inventive system can then be used to particularly good effect if the 
compression device is an exhaust gas turbocharger. This is a frequently used device for 
increasing the gas density in the induction system, so that in the combustion chamber an 
increased volume or air can be provided which results in an increase in performance of the 
internal combustion engine. The compression device is driven by a turbine located in the 
exhaust gas stream. 

[00014] The system can also be used to good effect when the compression device is a 
compressor. This is also used to compress the gas pressure in the induction system, with 
the drive energy being supplied mechanically by the internal combustion engine. As an 
alternative the compressor can also be driven by means of electrical energy. 
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[00015] There is useful provision for the compression to be undertaken on a throttle 
valve. With direct injection systems the throttle valve is used for dosed feeding of fresh air, 
with the throttle effect causing a reduction in pressure. Finally the air compressed in ,the 
exhaust gas turbocharger or the compressor and expanded on the throttle valve has, in 
accordance with the basic laws of thermodynamics, a higher temperature than the 
originally induced fresh air. 

[00016] The invention is developed in a particularly advantageous way in that a 
temperature sensor to record the temperature T2 in the direction of flow of the fresh gas is 
disposed downstream from the expansion means so that this can be taken into account 
withiri the framework of a regulation of the induction gas temperature. The temperature of 
the fresh air downstream from the throttle valve is thus an important input variable in 
finally advantageously defining the energy level in the combustion chamber for the HCCI 
operating mode. 

[00017] In conjunction with a system equipped with exhaust gas recirculation it proves 
to be especially useful for at leeist one heat exchanger operating as an exhaust gas cooler 
for lowering the temperature of the recirculated exhaust gas to be provided and for a 
cooling means setting valve to be provided so that by influencing the cooling means 
throughflow through the exhaust gas cooler, taking into account measured yalues or values 
determined from a technical model, the induction gas temperature can be set or regulated 
respectively. The recirculated exhaust gas volume is thus no longer compulsorily coupled 
to the temperature increase in the combustion chamber achieved by exhaust gas 
recirculation. Instead the energy content in the combustion chamber can be adjusted within 
certain limits independently of the exhaust gas recirculation rate via the adjustable exhaust 
gas cooling. Thus both the mixture ratio and the energy level in the combustion chamber 
can be set to their optimum values. 

[00018] The inventive system is advantageously further developed by the exhaust gas 
cooler being arranged in a separate heat exchanger circuit. The heat exchanger cooler can 
thus operate autonomously without being influenced by other components of the motor 
vehicle. Likewise other components of the cooling system of the vehicle are not influenced 
by the exhaust gas cooler. The autonomous cooling circuit then comprises a separate cooler 
and a separate coolant pump. 
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[00019] It can however also be useful for the exhaust gas cooler to be arranged in the 
engine coolant circuit. In this way components of the engine coolant circuit can be used for 
exhaust gas cooling, so that overall an efficient system is implemented. 

[00020] Similarly there can be provision for the exhaust gas cooler to be disposed as an 
engine oil or transmission oil heat exchanger respectively. Existing components of the 
vehicle can also be used by this. 

[00021] The invention is developed in a particularly advantageous way by the process 
values or the values determined using a technical model being assigned to at least one of 
the following variables: 

Exhaust gas temperature, 

Recirculated exhaust gas mass or quantity respectively. 

Air/fuel temperature, 

Air/fuel mass or quantity respectively. 

Induction gas temperature, 

Induction gas mass or quantity respectively. 

Coolant temperature or oil temperature of the coolant or oil flowing through 
the exhaust gas cooler and 

Coolant mass or oil mass or coolant quantity or oil quality of the coolant 
flowing through the exhaust gas cooler. 

[00022] If the term "quantity" is used below, this can also mean a "mass" and vice 
versa. The current exhaust gas temperature and the recirculated exhaust gas quantity are 
known in modem engine controls as engine operation variables. They can either be 
calculated on the basis of technical models or measured directly via corresponding sensors. 
The same applies to the air/fuel quality and the air/fuel temperature. The coolant 
temperatures and the oil temperatures are also known. If the quantity of coolant or quantity 
of oil respectively flowing through the exhaust gas heat exchanger are further known, with 
a knowledge of the heat exchanger characteristics the exhaust gas temperature at the heat 
exchanger outlet and thereby the mixture temperature of the induction air can be 
determined. 

[00023] It has proved especially useful for a temperature sensor to record the air/fiiel 
temperature^ a temperature sensor to record the exhaust gas temperature at the engine 
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exhaust, an air mass or quantity measurement device respectively to record the air/fuel 
mass or quantity and an exhaust gas mass or quantity measuring device to record the 
exhaust gas mass or quantity to be provided. From these variables, with a knowledge of 
specific models or specific characteristics respectively the significant variables for reliable 
regulation of the induction gas temperature can be determined. 

[00024] Thus the system is usefully further developed by the induction gas temperature 
being calculated ui accordance with the equation 



^ASG ~ ^FG^p^FG ^AG^p,AG 



with 



mj,Q : Air/fuel mass flow 

rh^Q Exhaust gas mass flow 

Tfg' Air/fiiel temperature 

Tag' Exhaust gas temperature 

Tasg Induction gas temperature 

Cp^FG' Heat capacity of the air/fiiel mixture 

Cp^G: Heat capacity of the exhaust gas. 

[00025] The induction gas temperature can thus be determined with a knowledge of 
measured, known variables or also variables calculated jfrom technical models. 

[00026] hi this connection it is useful for the exhaust gas temperature at the heat 
exchanger output to be calculated using the following equation system: 

I^QkM I = \^QaG I = QwT 

^QkM ~ ^KM^ p,KM^KM,OVT ~ ^KM.In) 

^QaG ~ ^AG^p,AG^AG,IN ~ TaG,OUt) 

Q^=kAAT„ 
with 

Q : Heat flow 
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A:M:Coolant 
AG: Exhaust gas 
WT: Heat exchanger 
Cp. Heat capacity 

t Heat transfer coefficient of the heat exchanger 
A : Heating surface of the heat exchanger 
ATm Mean logarithmic temperature difference. 

[00027] From the knowledge of the characteristics of the heat exchanger, meaning 
especially in the knowledge of the parameters k and A, taking into account the mean 
logarithmic temperature difference ATm, the heat flow g present in the heat exchanger 
can be calculated. From this, in the knowledge of mass flows, heat capacities and further 
temperatures, the exhaust gas temperature at the heat exchanger output Tac.out is 
produced. 

[00028] The invention builds on the generic method in that the temperature increase of 
the fresh air from Ti to T2 is explicitly used to influence the temperature level and thereby 

the energy level in the combustion chamber. In this way the advantages and special 
features of the inventive system are also implemented within the framework of a method. 
This also applies to the especially preferred embodiments of the inventive method 
specified hereafter. 

[00029] The method is further developed in.an especially advantageous manner by 
exhaust gas from an earlier combustion cycle being fed into fresh air or into a mixture 
featuring fresh air respectively, in order to provide, after fiiel has been injected, an 
air/fiiel/exhaust gas mixture with an energy level advantageous for combustion. 

[00030] The method stands out as being particularly advantageous if the compression is 
performed by an exhaust gas turbocharger. 

[00031] Equally the method is useful if the compression is performed by a compressor. 

[00032] Usefully there is furthermore provision for the expansion to be performed on a 
throttle valve. 

[00033] The method is fiirther developed in an especially advantageous manner by the 
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temperature T2 being recorded after the expansion, so that this can then be taken into 
account within the framework of regulating the induction gas temperature. 

[00034] In an especially preferred embodiment of the inventive method there is 
provision for exhaust gas to be cooled in a heat exchanger operating as an exhaust gas 
cooler to lower the temperature of the recirculated exhaust gas for the induction gas 
temperature to bet set or regulated through influencing of the coolant throughflow through 
the exhaust gas cooler by means of a coolant setting valve, taking into account measured 
values or values determined from technical models. 

[00035] It is especially advantageous for the process values or the values determined 
from technical models to be assigned to at least one of the following variables: 



Exhaust gas temperature, 

Recirculated exhaust gas mass or quantity respectively, 

Air/fiiel temperature. 

Air/fuel mass or quantity respectively, 

Induction gas temperature. 

Induction gas mass or quantity respectively, 

Coolant temperature or oil temperatiire of the coolant or oil flowing through 
the exhaust gas cooler and 

Coolant mass or oil mass or coolant quantity or oil quantity of the coolant or 
oil respectively flowing through the exhaust gas cooler. 



[00036] It has proved to be especially useftil for the air/fuel temperature, the exhaust 
gas temperature at the engine outlet, the air/fiiel mass or quantity respectively and the 
exhaust gas mass or quantity respectively to be measured. 

[00037] The method is further developed in a useful maimer by the induction gas 
temperature being calculated according to the equation 



ASG " ^FG^p,FG 



+ ^AG^p^AG 



with 



m 



TG ' 



Air/fiiel mass flow 



m 



AG 



Exhaust gas mass flow 
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7>G- Air/fiiel temperature 

Tag- Exhaust gas temperature 

Tasc Induction gas temperature 

Cp,FG'' Heat capacity of the air/fuel mixture 

Cp^G: Heat capacity of the exhaust gas. 

[00038] Li this connection it is useful for the exhaust gas temperature at the heat 

exchanger output to be calculated using the following equation system: 



^QaG ~ ^AG^p,AG^AG,lN *~ ^AG.OUt) 

with 

Q : Heat flow 

Coolant 
AG: Exhaust gas 
WT: Heat exchanger 
Cp: Heat Capacity 

k: Heat transfer coefficient of the heat exchanger 
A: Heating surface of the heat exchanger 
ATm Mean logarithmic temperature difference. 

[00039] The invention is based on the knowledge that, by explicitly influencing or 
explicitiy taking into account the air/fuel temperature, very fine and precise control can be 
exerted on the energy level in the combustion chamber of the internal combustion engine. 
As well as the principle of exhaust gas recirculation, this makes a further available a 
further independent instrument for influencing the temperature level and thereby for 
combustion process control The invention in particular offers the advantage that, starting 
from cold-start conditions, under which HCCI operation is not possible because the 
temperature level is too low, the air/fuel mixture is heated up and thus an earlier 
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switchover into the lower-emission HCCI mode is possible. In an especially preferred 
embodiment it is especially useful that the controlled setting of the exhaust gas temperature 
by means of exhaust gas cooling, in addition to the exhaust gas recirculation rate and the 
principle of compression and expansion, makes available a further independent adjustment 
variable to influence the temperature level and thereby the energy level in the combustion 
chamber and thereby an additional means of controlling the combustion process. The 
influence of the process is exerted in respect of the ignition point of the compressed 
air/fiiel/exhaust gas mixture and the resulting variables produced from it, such as pressure 
curve and combustion, peak pressure, 50% mass fraction burnt point and speed of 
combustion. These variables in their turn are decisively responsible for the overall engine 
behavior in respect of its efficiency, emissions, ride disturbance and acoustics. The 
invention ties in with the fact that in modem engine management systems all the relevant 
information and operating variables, for example temperatures and masses of materials or 
quantities, which are needed for control of the HCCI combustion process by means of 
exhaust gas temperature regulation are already available. The invention can also be 
effectively used to allow for changed environmental or operating conditions in combustion 
engines, as for example is the case for engine hot running or in summer/winter mode at 
greatly differing ambient temperatures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00040] The invention is now explained with reference to the accompanying drawings 
on the basis of preferred embodiments. 

[00041] The figures show: 

[00042] Figure 1 a temperature-entropy diagram to explain the basic 
thermodynamic principles in a preferred embodiment of the present invention; 

[00043] Figure 2 a schematic diagram of a preferred embodiment of an inventive 
system; 

[00044] Figure 3 a schematic diagram of an inventive system; and 

[00045] Figure 4 a fimctional block diagram to explain the induction gas 
temperature regulation within the context of a method in accordance with the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
[00046] Figure 1 shows a temperature-entropy diagram to explain the basic 
thermodynamic principles of a preferred embodiment of the present invention. The 
diagram shows the temperature-entropy graphs in a gas for two different pressures pi and 
P2. If a gas is compressed, starting from a pressure pi and temperature Ti,to the pressure p2, 
this process does not run along an isentrope (process l-2s), but under entropy increase 
(process 1-2). If an expansion occurs after the compression, meaning that the pressure falls, 
this does not occur along an isentrope (process 2-3s), but likewise imder an increase of 
entropy (process 2-3). The processes for increasing pressure from pi to p2 shown here and 
the subsequent expansion to the output level pi represent a special case. An expansion to 
any other pressure level also occurs under an increase in entropy. Finally the gas, after 
compression from of pi to p2 and expansion from p2 to pi, has a higher temperature level 
than before the compression; The temperature has increased from Tl to T3. The desired 
temperature change can thus be set for an intemal combustion engine via the degree of 
compression and the subsequent expansion, for example on the throttle valve. 

[00047] Figure 2 shows a schematic diagram of a preferred embodiment of an inventive 
system. It shows an intemal combustion engine 10 with an exhaust gas recirculation device 
14 and exhaust gas turbocharger 16. A throttle valve 18 is arranged in the inlet of the 
intemal combustion engine 10. The exhaust train of the intemal combustion engine 10 is 
equipped with an exhaust gas cooler 32. The particular features of the exhaust gas cooler 
32 are not entered into within the context of the present diagram shown in Figure 2. An 
exhaust gas recirculation valve 36 is provided in the exhaust gas recirculation system 14. 
The system fiirther comprises at different points measuring devices or sensors 20, 22, 24, 
26, 28, 30 respectively, of which the output signals can be fed to a control/computation 
unit 34. In detail the following are provided: An air mass measurement device 28, a 
temperature sensor 20, which is arranged in the direction of flow of the fresh air current 
upstream from the throttle valve 18 to record the fresh air temperature, a temperature 
sensor 22 to record the temperature of the induction gas before it flows into the combustion 
chamber 12 of the intemal combustion engine 10, an exhaust gas temperature sensor 24 as 
well as a temperature sensor 26 for recording the temperature at the air/exhaust gas mixture 
point. These sensors do not absolutely have to be present to implement the present 
invention. For example the temperature sensor 26 can be left out if the induction gas 
temperature is determined in accordance with the calculations explained in conjunction 
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with Figure 3. Output signals of these measuring devices and sensors 20, 22, 24, 26, 28 can 
be fed to the control/regulation/computation device, which in its turn can activate 
components of the system, such as for example the exhaust gas recirculation valve 36, the 
exhaust gas cooler 32, the throttle valve 18 and the exhaust gas turbocharger 16. The 
function of these components can thus be influenced and in the final analysis can 
contribute to the desired energy level in the combustion chamber 12 of the internal 
combustion engine 10. 

[00048] The system shown in Figure 2 operates as follows. Fresh air is sucked in and 
compressed by the exhaust gas turbocharger 16 which is driven by the exhaust gas flow. 
This compressed air must pass the throttle valve 18 so that it comes to be expanded On the 
basis of the thermodynamic principles shown in conjunction with Figure 1 the air behind 
the throttle valve 1 8 has a higher temperature than the originally induced fresh air. The air 
reaches the combustion chamber 12 of the internal combustion engine 10. After 
combustion the exhaust gas is expelled, to be cooled in an exhaust gas cooler 32. Part of 
the cooled exhaust gas is emitted via the exhaust train. Part of the cooled exhaust gas 32 is 
recirculated via exhaust gas recirculation system 14 and especially the exhaust gas 
recirculation valve 36 to the inlet side of the internal combustion engine 10. On the basis of 
the signal recorded in the measuring devices and sensors 20, 22, 24, 26, 28 the 
control/regulation/computation unit 34 can influence the system so that in the final analysis 
the energy level suitable for the HCCI operation is available in the combustion chamber 12 
of the internal combustion engine 10. A significant part of the exhaust gas temperature 
regulation is described in conjunction with Figure 4. 

[00049] Figure 3 shows a schematic diagram of an inventive system, with the 
especially preferred embodiment with exhaust gas cooler being specifically examined here. 
An internal combustion engine 10 with an extemal exhaust gas recirculation device 14 is 
shown. The exhaust gas recirculation device 14 comprises an exhaust gas recirculation 
valve 36 via which the exhaust gas recirculation rate can be set. The exhaust gas 
recirculation device 14 further comprises a heat exchanger 32 operating as an exhaust gas 
cooler. Furthermore a coolant flows through the exhaust gas heat exchanger 32 via a 
- coolant system 46. A cooler 48 is provided to cool the coolant. In the present example the 
exhaust gas heat exchanger circuit is arranged as a parallel circuit. However numerous 
other exhaust gas cooler variants are conceivable, in which case the cooler 48 can be 
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arranged as a separate cooler; It is also conceivable to use the cooler for engine cooling as 
well. Cooling can also be performed by the engine or transmission oil. 

[00050] The coolant system 46 furthermore includes a coolant setting valve 50, via 
which the coolant quantity which flows through the exhaust gas cooler 32 can be set. 

[00051] The system shown operates as follows. Exhaust gas emerging from the internal 
combustion engine 10 is partly recirculated via the exhaust gas recirculation device 14 to 
the inlet side of the internal combustion engine 10. In this case the exhaust gas mass flow 
mAG can be set by means of the exhaust gas recirculation valve 36. At the input of the 
exhaust gas cooler 32 the exhaust gas has a temperature Tag,in, and at the output of the 
exhaust gas cooler 32 the exhaust gas has a temperature Tacout, which is generally less . 
than the temperature at the input. The cooling effect of the exhaust gas cooler 32 can be set 
by setting the coolant mass flow mKM via the coolant setting valve 50. At the input of the 
exhaust gas cooler 32 the temperature has the temperature Tkm,in and at the output of the 
exhaust gas cooler 32 the temperature Tkm,outj with the latter generally being higher than 
the temperature at the input. The coolant is then cooled in the cooler 48. The influencing of 
the throughflow of coolant through the exhaust gas cooler 32 by the coolant setting valve 
50 can thus, taking into accoimt measured values or values determined on the basis of 
technical models, be used to either set or regulate the induction gas temperature of exhaust 
gas flowing into the internal combustion engine 10. 

100052] The exhaust gas temperature Tag,out at the output of the exhaust gas cooler 32 
can in this case for example be calculated using the following equation system: 

\^Qkm I = Y'Qao I = Qm 
with 
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Q : Heat flow 
KM:Coo\daA 
AG: Exhaust gas 
WT: Heat exchanger 
Cpi Heat capacity 

t. Heat transfer coefficient of the heat exchanger 

A : Heating surface of the heat exchanger 

ATm. Mean logarithmic temperature difference. 

[00053] The temperature of the induction gas, referred to hereafter as TASG, can then 
be determined in accordance with the following equation: 

with 



^FC- 


Air/fuel mass flow 


^AG*^ 


Exhaust gas mass flow 


Tfg' 


Air/fuel temperature 


Tag' 


Exhaust gas temperature 


Tasg- 


Induction gas temperature 


Cp,FG' 


Heat capacity of the air/fuel mixture 




Heat capacity of the exhaust gas. 


[00054] 


Figure 4 shows a functional block diagram to explain the induction gas 



temperature regulation within the context of a method in accordance with the invention. 
The functional units shown can be components of the control/regulation/computation 
device shown in Figure 1. The device 38 is provided for calculating the required exhaust 
gas temperature. This is connected to a device 40 for calculating the coolant throughflow 
of the exhaust gas cooler 32 shown in Figure 1 . The device 40 to calculate the coolant 
throughflow is in its tum connected over a regulation path 42 to a controller 44. 
Furthermore signals are shown in Figure 2, with signals ending with the letters AV 
identifying actual values, whereas signals ending with the letters SP identify setpoint 
values. 

x 

[00055] The induction gas temperature regulation in accordance with Figure 4 operates 
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as follows. In accordance with engine operating conditions a setpoint value for the 
temperature of the induced air in the induction manifold (TIA_IM__SP) is specified. This is 
fed, together with the actual air/fiiel temperature (TIA_AV) and the mass of the air/fiiel fed 
in (MAF_KGH_AV) as well as the recycled exhaust gas (M_EGR_AV) to device 38 to 
calculate the required exhaust temperature. Taking into account the specific heat capacities 
of the firesh air (Cp, air) fed in and of the exhaust gas (Cp, exhaust gas) this device calculates the 
exhaust gas temperature at the mixing point (T_EGR_DOWN_SP) which is required to 
obtain the desired induction gas temperature in the inlet manifold. In the device 40 for 
calculating the coolant throughflow the setpoint value determined by the device 38 for 
calculating the required exhaust gas temperature (T_EGR_DOWN_SP) is compared to the 
actual exhaust gas temperature at the engine outlet (T EGR UP AV) before the exhaust 
gas cooler. From the difference a coolant throughflow (M_COOL) through the exhaust gas 
cooler is determined which is required to obtain the desired exhaust gas temperature at the 
mixing point (T_EGR_DOWN_SP). This coolant flow is then implemented by a 
corresponding activation of an electrical coolant pump, with other types of throughflow 
regulation being just as easily possible. The coolant throughflow is converted in 
accordance with the control specified here via the regulation path 42 into a specific 
induction gas temperature in the inlet manifold (TIA_IM_AV) with this being present after 
an initial settling-down phase. This induction gas temperature in the inlet manifold 
(TIA^IM AV) is compared with the setpoint value (TIA_IM_SP) in the controller 44. If 
the values differ fi*om each other, the coolant throughflow through the exhaust gas cooler is 
corrected by a value (AM COOL), so that finally via a suitable exhaust gas temperature at 
the mixing point (T_EGR_DOWN_AV) the desired induction air temperature 
(TIA_IM__SP) is set in accordance with the setpoint. 

[00056] To place the regulation explained in conjunction with Figure 4 into a better 
context with the system shown in Figure 2 shown, details are given below of where the 
values used for the regulation are to be measured or set respectively. The air mass 
measurement device 28 determines the value MAF_KGH_AV. The recirculated exhaust 
gas component M_EGR_AV is known in the context of the exhaust gas recirculation 
through corresponding activation of the exhaust gas recirculation valve 36. The air/fiiel 
temperature TIA_AV is measured by the temperature sensor 20 beyond the throttle valve 
18. The induction gas temperature TIA_IM_AV is recorded by the temperature sensor 22 
before it enters the combustion chamber 12 of the internal combustion engine 10. The 
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temperature sensor 24 at the outlet from the combustion chamber 12 of the internal 
combustion engine 10 records the exhaust gas temperature T_EGR_UP_AV. In additional 
the temperature TIA_EGR_DOWN_AV at the mixing point can be recorded by the 
temperature sensor 26, in which case this is however not absolutely necessary for the 
regulation described in conjunction with Figure 4. 

[00057] Thus the invention can be summarized as follows: With a HCCI-enabled 
internal combustion engine, which is preferably equipped with an exhaxist gas recirculation 
device 14, a system and a method is proposed on the basis of which the setting of the 
temperature level in the combustion chamber can be improved. As well as setting the 
temperature via the exhaust gas recirculation device 14 the temperature is influenced 
independently of this as a result of the compression of the induced fresh air by the exhaust 
gas turbocharger 16, with, even after the expansion of the compressed air on a throttle 
valve 18, a temperature increase being retained, which in the final analysis can be used to 
influence the energy content of the combustion chamber 12. 

[00058] The features of the invention disclosed in this description, in the drawings and 
in the claims, can be of importance both individually and in any combination for 
implementing the invention. 
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